Abstract. This paper firstly outlines the background of recent development in smart grids with special attention paid to the field of power system protection, particular in the area of wide-area and integrated protections. The design of an integrated wide area protection and control is then introduced, where it can be shown that an integrated hierarchical protection and control system provides the protection and control for wide area or regional power substations/plants and their associated power networks. A synchronized wide area communication network is specially designed with an aim to support an optimal protection and control coordination at each level and between substations. One of the important elements of the system is the wide area real-time information platform which integrates the local and wide area protection and control functions.
Introduction
The majority of the protection principles currently employed in protection relays were developed within the first three decades of the last century, such as overcurrent, directional, distance and differential protection, as shown in Fig.1 . Today, microprocessor-based digital and numeric relays are replacing conventional relays in all areas of power system protection. In the late 1960s, the application of a centralized substation protection system based on a centralized computer system was proposed [1] . The idea fits well with the concept of an overall integrated protection where the protection package would not only oversee individual units of a plant but also a section of the network. The 1990s witnessed the rapid development of electronic and computer technology, the artificial intelligence technology such as artificial neural networks, genetic algorithms, evolutionary algorithm, fuzzy logic and other research applications, which have been applied to the field of relay protection. Artificial neural network has the characteristics of distributed storage, parallel processing, self-organization and self-learning. As a result of these developments, the performance of the protection relays has been improved. Studies have found that the fault generated high frequency transients can be detected and quantified, creating the possibility for developing new protection principles and techniques [2] . Considerable effort has now been devoted to research on high frequency transient detection. Another important milestone is the application of novel communication technique, the utilization of global positioning system (GPS) in power system protection as shown in Fig.1 . In this respect, a number of new techniques have been proposed. In particular, the new proposed protection relay principle is able to provide protection for wide area power network [3] [4] . Following the development, the concept of wide area protection focusing on control aspect has been presented [5] .
In recent years, the dramatic growth in signal processing capability of relay platforms, and the availability of suitable communications schemes, have provided a new opportunity to revisit the concept of centralized protection. Research [6] on the concept of 'Integrated Protection' shows that information obtained from multiple power plants and components can be used to derive new protection principles and schemes, which could have significant advantages over the existing protection techniques based on the individual plant or component. In this respect, the substation area protection [7] has quickly become a practical development and application area. Furthermore, the development of information technology has resulted in the interests in utilizing cloud computing [8] and big data techniques, as shown in Fig.1 , to improve the performance of power system protection and control.
Integrated Wide Area/Regional Protection and Control

Concept of Integrated Wide Area Protection and Control
Based on the developments mentioned above, a new concept of the integrated wide area protection and control (IWAPC) has been proposed recently. The main focus of the concept [16, 17] is the integration between the protection and control, particularly at the wide-area or regional level, aimed to provide a number of benefits to the future protection and control system, e.g. the potential to merge the three lines of defense system and on-line self-healing decision making, in order to prevent cascading tripping of large area power network. The concept of integrated wide area protection and control is introduced, in which a three-level hierarchically coordinated system, supported by the specially designed real-time synchronized wide-area communication network, provides the protection and control for wide area or regional power substations/plants and their associated power network. The key element in the system is the integrated wide area protection and control information platform, which receives real-time synchronized data from the communication network to support the integration of protection and control at the wide area/regional level.
Design of Integrated Wide Area Protection and Control Based on integration of wide area protection and control, the integration system is based on network communication and synchronization international technical standards, which has canceled interlayer and station control layer in the substation, and the process layer information through the high reliable communication network upload to the dispatching device layer, the scheduling within the scope of protection control functions to achieve. The core idea of the system is to simplify the longitudinal structure of the scheduling automation system, the substation level is only responsible for the collection and implementation of the regional power grid scheduling level based on real-time panoramic information, focus on intelligent protection, control, measurement, monitoring, measurement and other functions. In the area of network protection mode, the data platform based on integrated wide area protection is implemented by the sparse measurement (second level). The data is collected from the steady state and extended to the transient and dynamic domains. Based on the protection of regional power network, automatic control and operation management, the integrated system functions, such as protection, monitoring, control, scheduling and so on, can be realized in the control center (or dispatching center).
Architecture of Integrated wide area protection and control
The proposed integrated wide area or regional protection and control system (IWAPC) is illustrated in Fig.2 . There have been fast developments in both power transmission and distribution networks, e.g., the series compensation in AC lines and high-voltage DC lines in transmission systems, distributed generation and energy storage in distribution systems, etc. These new developments result in far more complicated characteristics than that of conventional systems. Consequently, the existing protection and control system will no longer be effective to cope with the new systems, and this has led to the proposed IWAPC system. As shown, the IWAPC system consists of different equipment at different layers: from bottom to top, there is the integrated multiple-function intelligent equipment at the local level; the substation communication network and the integrated substation protection and control at the substation level; the wide area communication network, the integrated wide area information platform and the integrated wide area (regional) protection and control at wide area level. The key parts of the system are the high-speed wide area communication network and the real-time synchronization information platform. Regional protection mainly includes: basic monitoring (monitoring capabilities, intelligent alarm, sequence control), intelligent reclosing (adaptive coincidence, the best coincidence), the area prepared from the cast (reconfigurable overload prediction, region prepared from the cast), a region of dynamic reduction load (low-frequency dynamic load shedding, low dynamic load shedding, load shedding synergy), overload Union cut and go for (Union station domain overload cut, cut turn for United), transient stability control and oscillation splitting functions. Fig.3 shows the structure of the protection and control information platform. The real-time synchronized information platform accurately collects wide area information and conducts data mining to investigate the logic relation between the real-time information to increase the sensitivity, reliability and fault tolerance capability. The data received from the platform includes static, dynamic, transient measurements and states of circuit breakers, etc. Valuable information is extracted from the data and allocated to various specially-designed computation algorithms in the platform to perform advanced functions of protection and control for the power network. In the platform, sets of data need to be transferred and their transferring speed depends on the application, e.g., slow speed for contingency analysis, near real time speed for monitoring, real time speed for control, and high speed for wide area protection; in particular, time synchronization.
Integrated Regional Protection and Control Functions
Conclusion
This paper presents an integrated wide area protection and control system based on a hierarchical structure, which integrates protection and control at local, substation and regional levels. Covering both transmission and distribution networks, the system is supported by the proposed high-speed synchronized communication network and the real-time protection and control information platform.
